Introduction: Cutaneous leishmaniasis is an infectious disease transmitted by phlebotomine sandflies and is considered a great environmental and public health problem. Thus, this work presents initial results of the analyses about the relationship between the spatial distribution of this disease and its environmental risk factors in three municipalities, in the state of Pará, Brazil, from 2012 to 2016. Methodology: It was used data from the Ministry of Health, the National Institute for Space Research and the Brazilian Institute of Geography and Statistics. The statistical and spacial analysis of the variables were done using G-test goodness-of-fit, kernel interpolation technique and the Bivariate Global Moran Index (I). Results: The analyses showed that the most affected individuals were males, adults, low schooling, residents in rural areas and small farmers. The disease spatial distribution was not homogeneous in the municipalities and it was associated to different relationships between the land use and occupation and the notificated cases density, with direct spatial autocorrelation. Conclusions: The deforestation was the most significant risk factor linked to the cases occurrence in all the studied area. We emphasize the need of intensification of epidemiological and environmental surveillance actions in the studied areas.
Introduction
Cutaneous Leishmaniasis (CL) is an infectious disease caused by protozoa of the genus Leishmania, affecting the skin and mucosa. The disease can have different vectors, depending of the worldwide geographical location, however in Brazil the most comun is the Phlebotominae, of the Lutzomyia genus, that are popularly known as mosquito-palha, tatuquira, birigui, among others. Being the man the principal reservoir of epidemiological interest, due to the impact on the work capacity of the same [1, 2] .
CL affects about 1.5 million people each year in 88 countries, 72 of which are in development. In the Americas, about 21 countries have this disease among their six major endemic parasitosis. In this context, over the last decades a large number of cases have been reported in Colombia, Venezuela and Brazil. This fact has pointed to a relationship between the environmental characteristics of these territories and the occurrence of the disease. However, the evidences of the relationship between CL and its conditioning variables has not been frequently studied at local geographic scales, implicating in few production of contextualized and precise epidemiological scenarios of the disease. [3, 4] .
This disease has been reported throughout the Brazilian territory and has great epidemiological relevance in the Amazon, where it is considered endemic [1] . The occurrence of CL has been linked to developmentalist projects carried out into the last decades, such as policies for the regional occupation, that occurred without the concept of sustainability. This has led to deforestation and migratory flows, causing the proliferation of risk areas of infection [1, 5] .
Nowadays, the northeastern region of the state of Pará, in the Brazilian Eastern Amazon, has been undergoing a significant increase of the cases number of the disease. Thus, in the period from 2012 to 2016, there was an increase of approximately 42% of the number of CL cases in the region, compared to the previous five years, as well as a significant increase of environmental changes. This fact, points to the evidence of relation between the cases recorded and the deforestation, due to disordered urbanization, wood extraction and pastures for livestock production, among other reasons [5, 6] .
The spatial statistical analysis (SSA) has been used in epidemiological studies to analyze the geographical distribution of diseases and their risk factors. In this context, it can enable the identification of patterns of the spatial distribution of CL, since this disease does not occur homogeneously in Brazilian territories, due to its different social, economic and environmental characteristics. Among the principal techniques of SSA, there is the Bivariate Global Moran Index, which is used to assess spatial autocorrelations, such as the occurrence of deforestation and CL cases in one same geographic region. This technique assumes the hypothesis of inverse autocorrelation (I < 0), randomness (I = 0) and direct (I > 0) and the technique of Kernel estimation, which is used to evaluate the spatial density of a variable, such as the occurrence of disease cases in one territory [7, 8] Considering that the study of CL spatial distribution at local scales can contribute to the formulation of health surveillance policies, as well as its environmental monitoring, this study presents a preliminary analysis of the spatial distribution of this disease, discussing its relationship with environmental risk factors in three municipalities of the northeastern region of the State of Pará, Brazilian Eastern Amazon, from 2012 to 2016.
Methodology
In this ecological study, the studied area is contained in the northeast region of the State of Pará, Brazil, and is composed by three municipalities. The first one is Viseu that has an area of 4,939,254 km², divided into 4 administrative districts, with estimated population of 61,049 inhabitants. The second is Bragança, which has an area of 2,090,234 km², divided into 6 districts, with estimated population of 166,753 inhabitants. The third is Augusto Correa with area of 889,2 km², divided into 4 districts, with estimated population of 45,516 inhabitants.
It was studied 234 confirmed autochthonous cases of CL, with immunological laboratory tests, reported with no relapses, in the period from 2012 to 2016. The epidemiological, cartographic and environmental data were obtained from the Brazilian Ministry of Health (MS), the Brazilian Institute of Geography and Statistics (IBGE) and the National Institute for Space Research (INPE), respectively.
The depuration process of the original data was performed using TabWin 36b software. The households of the CL cases were georeferenced subsequently, in two excursions to the field of research, using a GPS receiver, for the creation of the geographic database with the TerraView 4.2.2 software.
For each municipality studied, in the statistical analysis of sociodemographic variables (gender, age, education level, occupation, residence area and occupational disease) the percentages of these were calculated, in addition to their significance using the G test, assuming if level α = 0.05 (5%) and p value < 0.05, using BioEstat 5.3 software. This test was used because more than 20% of the expected frequencies of the variables groups were ≤ 5, very low for comparisons between observed and expected scores, according to Sokal and Rohlf [9] and Noh-Quinones [10] .
Concerning the environmental variable, the percentage of deforestation in each administrative district was calculated by the sum of the information classes 'land use and cover' utilized in the TerraClass project (urban area, occupation mosaic, annual agriculture, clean pasture, dirty pasture, mining, reforestation, pasture regeneration, deforestation, and others), and divided by the total area of each district of the municipality in analysis.
In the spatial statistics analysis the Bivariate Global Moran Index (I) was used to evaluate the spatial autocorrelation between deforestation and the occurrence of CL cases in the studied areas, with a p < 0.05 indicating spatial statistical significance. This pvalue (< 0.05) was used in accordance with the international literature, which takes into account the spatial proximity matrix weighted by the average between 0.001 and 0.05 of the interpolations of the areas. Spatial autocorrelation was considered strong when indices were close to one of the defined variation limits (-1, 1), this representation form is recurrent in several scientific works with similar objectives. It was also used the kernel interpolation technique, with a distance of 333 meters between the georeferenced points, in order to evaluate the density of the cases [11] .
This work was aproved, with favorable opinion 3.245.271/2019, by the Research Ethics Committee of the Pará State University, with no conflits of interests in accordance with resolution 466/2012.
Results
It was analyzed the spatial distribution of 234 cases of CL in the municipalities of Bragança (153), Augusto Corrêa (49) and Viseu (32). In general, those three municipalities showed similarities regarding the cases epidemiological profile, in relation to gender, age group and occupation zone. Thus, the highest percentages of CL cases were men, adults and inhabitants of rural areas. However, individuals with elementary-level schooling and small farmers had a higher percentage of cases, except in Viseu, where results for these variables were ignored. In regards to work as a risk factor for the disease, the highest percentages occurred in Bragança and Viseu. In Augusto Corrêa, the highest percentage related to this variable was ignored. The frequencies of the analyzed variables were statistically significant ( Table 1) .
The land use and cover spatial analysis pointed very high percentages of deforestation in the three municipalities studied. However, this anthropic relationship was more concentrated in the municipalities of Bragança (83.8%) and Augusto Corrêa (67.8%), in the area of Caeté river basin where the highest percentages of CL cases were notified (Figure 1 ).
Considering the administrative districts of the studied municipalities the Global Moran Index (I) analyzes showed significant spatial relationships between areas with deforestation and cases location. Thus, a direct autocorrelation between these two variables was observed, with positive (I > 0) and significant (p < 0.0001) indices. The spatial autocorrelations were strong in the districts of Augusto Corrêa and Emboraí (municipality of Augusto Corrêa); Almoço and Caratateua (municipality of Bragança); Fernandes Belo and São José do Piriá (municipality of Viseu) ( Table 2 ). 
Discussion
The epidemiological profile analysis showed that the majority of CL cases, in the municipalities of Bragança and Augusto Corrêa, involved male adults with low schooling, living in rural areas and small farmers [2, 3, 5] . In Viseu it was observed the smallest number of notifications. Those cases presented a high percentage of education until elementary school and small farmer occupation. However, the high percentage of ignored information is associated with the lack of data in SINAN. This data sub notification, observed by researchers of this work in the studied area, points to the inefficiency of the infectious disease notification service, as a Brazilian public health policy, and is due to the big distances and great difficult for accessing the households of the cases, in order to verify the environmental risk factors associated to the notifications in rural areas, when the realization of the active search of cases [12] .
Those facts, observed in the laboratory and confirmed during fieldwork, indicates the socioeconomic production of the disease due to laboral activities, and it is in accordance with other studies about the lack of knowledge of the disease transmission way and the need of individual or collective protection against Phlebotomine sandflies in laboral activities, by small farmers [3, 5, [13] [14] [15] [16] . The occurrence of the disease closer to the limits of the municipalities seats suggests that the vectors are adapting to residential and peri-residential areas, generating different spatial degrees of exposure to the CL, in the region [2, 16] .
The spatial analyses also showed that the distribution of CL cases in the studied municipalities occurred in a non-homogeneous manner, with clusters of cases possibly related to the environmental degradation of the Caeté river basin, in the municipalities of Bragança and Augusto Corrêa [5, 16] . The disorderly occupation of these areas, over the last decades, has likely become conditioning of the development of the disease transmission cycles [14] . In this sense, the municipalities of Bragança and Augusto Corrêa, in addition to presenting the highest indicators of environmental change, also reported the highest numbers of CL cases [5, 16] .
It was observed that the relation between CL cases location and its risk factors goes beyond of the territorial dimensions of the municipalities administrative divisions, with a spatial contiguity that points to the establishment of an epidemiological corridor associated to the evidence of its vectorization related to the environmental degradation and disordered occupation, establishing favorable conditions for the proliferation of Phlebotomine sandflies, in the Caeté River basin [3, 5, 15] .
The strong direct spatial autocorrelations observed between those two variables are related to the spatial dependence of the disease occurrence and deforestation in some places of the administratives districts of the municipalities. This fact was observed both in the laboratory and in the field and it is associated to differents stages of secondary vegetation ecological succession in those areas, marked by the presence of young and adult capoeiras, that indicate different environmental conditions of the disease transmission circuits production [1, 8, 16] .
Conclusion
In this work, it was analysed the relation of CL and its risk factors in the administrative districts of three municipalities of the Pará State, Brazilian Eastern Amazon. It was observed, both in the laboratory and fieldwork, that environmental degradation and laboral activities were the most relevant risk factors linked to the cases occurrence. It was also observed a establishment of one epidemiological corridor vectorized by the deforestation and disordered occupation in the Caeté River basin. Thus, we emphasize the intensification need of epidemiological and environmental surveillance actions of the cutaneous leishmaniasis, in the studied area, in order to monitor its expansion. As well as the continuity of research projects in the interface of the health and environment in susceptible areas.
